Background: Lung cancer is the leading cause of cancer-related deaths in the United States and 3
Conclusions:
Preliminary results suggest that OCT is a technically feasible adjunct to flexible 23 bronchoscopy in the diagnosis of lung cancer. This is the first reported use of OCT to generate 24 images of endobronchial neoplasms during flexible bronchoscopy in the United States. This 25 technology may in the future provide a non-invasive "optical biopsy", which could potentially 26 guide the bronchoscopist to areas for biopsy or even obviate the need for conventional lung 27 biopsies. Optical coherence tomography (OCT) is a rapidly evolving imaging technology capable 49 of generating real time, high resolution, cross sectional images of complex, living tissues 6 . OCT 50 is similar to ultrasound in that it measures phase and intensity differences of reflected or 51 backscattered wave signals from tissues. Unlike ultrasound which uses sound waves, OCT 52 analyzes interference patterns from low-power, near-infrared light to generate topographical 53 images. Compared to ultrasound, OCT systems used in prior clinical studies demonstrate greater 54 sensitivity and much higher resolution (approximately 10-20 micrometers with a depth of 55 penetration at 2 millimeters) of tissues in the lower respiratory tract 7 . 56
The objectives of this pilot study were to determine the feasibility of conventional OCT 57 during flexible bronchoscopy and to preliminarily assess its ability to distinguish an 58 endobronchial neoplasm from normal endobronchial mucosa. To our knowledge, this is the first 59 reported use of OCT as an adjunct to diagnostic flexible bronchoscopy in the United States. Once mucosal contact was made with the OCT probe tip, an imaging console was used to 114 generate and save a total of 6 real time OCT images of the mass. The bronchoscope and attached 115 OCT probe were then moved to an area of normal appearing bronchial mucosa, and 6 additional 116 OCT images of the normal appearing mucosa were generated. Upon completion of the imaging, 117 6 corresponding biopsies of the endobronchial mass and 6 control biopsies of the imaged normal 118 appearing area were done. Brushings of the endobronchial masses were then done and sent for 119 analysis. 120
Patients were monitored for any immediate post-procedure complications. A Steris The earliest and most extensive clinical use of OCT has been in ophthalmology for retinal 180 imaging in patients with macular degeneration 10,11 . This technology has been used by 181 otolaryngologists and has been shown to be a feasible adjunct to awake trans-nasal laryngoscopy 182 12 . OCT can clearly identify basement membrane violation and transition zones at cancer 183 margins in patients with laryngeal cancer 13 . Gastroenterologists have found that in vivo OCT 184 correctly detected disease features of ulcerative colitis in endoscopically affected colon segments 185 with high sensitivity 14 . OCT has been studied for use by dermatologists for monitoring 186 cutaneous inflammation and hyperkeratotic conditions. 15 In the field of cardiology, OCT is 187 being compared to intravascular ultrasound for characterization of coronary artery disease 16 . 188
Anatomical OCT (aOCT), a variant of conventional OCT, has been show to be helpful for real-189 time large diameter airway measurements 17, 18 . bronchial epithelial thickness of invasive lung carcinoma was significantly greater than that of 204 carcinoma in situ 23 . Investigators from that study used a radially scanning OCT probe which 205 generates different views of bronchial mucosa than the forward scanning probe utilized in our 206 study. In our study, no areas of carcinoma in situ were identified and there was no significant 207 difference in epithelial thickness from benign mucosa and the malignant tumors that had an 208 identifiable epithelial layer. Although increased epithelial thickness may be an important feature 209 of lung malignancies, we feel that other OCT architectural features may be equally important in 210 distinguishing lung malignancies from normal bronchial mucosa. 211
A goal of our pilot study was to generate a library of OCT images with corresponding 212 pathology findings to preliminarily determine if OCT can distinguish malignancies from normal 213 bronchial mucosa. We feel that we may have identified some OCT characteristics of 214 malignancy, including the loss of normal, identifiable epithelial and subepithelial microstructures 215 and possibly subepithelial "optical fracture". The mechanism of optical fracture is uncertain. As 216 infiltrative carcinomatous tissue tends to be more fibrotic than the surrounding normal tissue, we 217 postulate that optical fracture is due to the interference pattern of backscattered light from an 218 interface between two distinct tissue densities which are found in tumors. To further 219 characterize OCT features of malignancy, we intend to continue our current recruitment. Once 220 we identify these features, we plan to validate our findings prospectively in a separate, larger 221 group of patients. 222
Limitations of this pilot study include a small sample size and an inherent inability to 223 precisely biopsy the exact sites from which the OCT images were obtained. In addition to our 224 ongoing trial, further studies are needed to determine the sensitivity and specificity of this 225 evolving technology in identifying lung cancer during routine diagnostic flexible bronchoscopy. 226
OCT could become a powerful tool in diagnostic pulmonary medicine, not only in the 227 early recognition of lung cancer, but also in the evaluation and monitoring of microstructures in 228 the lower respiratory tract that are affected by other inflammatory or invasive disease processes. 
